A model of a tungsten chemical vapor deposition (CVD) system is developed to study the CVD system thermal dynamics and wafer temperature nonuniformities during a processing cycle. We develop a model for heat transfer in the system's wafer/susceptor/guard ring assembly and discretize the modeling equation with a multiple-grid, nonlinear collocation technique. This weighted residual method is based on the assumption that the system's dynamics are governed by a small number of modes and that the remaining modes are slaved to the slow modes. Our numerical technique produces a model that is effectively reduced in its dynamical dimension, while retaining the resolution required for the wafer assembly model. The numerical technique is implemented with only moderately more effort than the traditional collocation or pseudospectral techniques. Furthermore, by formulating the technique in terms of a collocation procedure, the relationship between temperature measurements made on the wafer and the simulator results produced with the reduced-order model remain clear.
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ULVAC System for Tungsten CVD
Our modeling research focuses on the BTU-ULVAC ERA-1000 selective tungsten deposition system (c.f. Kleijn and Werner 1993) , shown schematically in Fig. 1 . A reactant gas mixture of SiH4, WFs, and H2 reacts at the surface of a 4 inch diameter wafer, which is supported by a slowly rotating quartz susceptor. A portion of the wafer near its outer edge is covered by a quartz guard ring. The wafer is heated to 600 K by a ring of tungsten-halogen lamps through the transparent showerhead. The CVD runs last for approximately 5 minutes after the operating temperature is reached. Initial modeling of the ULVAC CVD system has focused on the gas phase flow field and heat transfer, and the wafer thermal dynamics. subject to boundary conditions aT,/ar = 0 at T = 0 , l with initial condition T,,,(T, t = 0 ) = TO(r). The dimensionless physical and geometric constants are given in Chang and Adomaitis, 1998. We note that p(r), C p ( r ) , A , ( T ) , and other parameters are the effective physical parameters lumped in the assembly axial direction and are functions of radial position.
Nonlinear Collocation Method
The wafer temperature modeling equation (1) and can make a distinction between the relatively "fast" dynamical modes U{ and the slower modes U:. Assuming the system's dynamics are governed by the slower modes, the fast modes can be slaved to the slow by setting uf = 0. Integrating the remaining ordinary differential equations in time subject to
, N) defines the nonlinear
Galerkin procedure (Aling, et al., 1997; Dettori, et al., 1995; Graham and Kevrekidis 1996) . In our implementation of the nonlinear collocation technique, we define three discretization grids with L , N, and M collocation points corresponding to the coarsest, intermediate, and fine-scale grids, respectively. At the start of each time step during numerical integration of the N-mode discretized wafer temperature equation, we would like to take the small number L of points on the solution curve T t ( r , t ) and compute the time derivatives at these points based on the temperature profile T, defined on the intermediate grid r that is generated when the (spatially) higherfrequency modes are slaved to the slow in a quasi steady-state manner. These dynamic modes are defined using the most-coarse grid ?l with 2 = l , . . . , L.
The discretized equations defining the time derivatives at the coarse-scale grid points are Representative results in the form of snapshots showing the wafer assembly temperature profiles during the startup and soak phases of a processing run are presented in Fig. 2 . We conclude that the numerical technique developed produces accurate, low-order simulation results, especially at the collocation points of the coarse grid F which is most relevant to comparisons with experimental measurements. 
